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Abstract 
Lean theory, principles and tools, are intended to highlight the value within the company and eliminate waste entirely. Despite 
the large amount of literature work on lean, there is a lack of in-depth analysis for collection and categorization of specific lean 
rules for the manufacturing industry. Therefore, the present work proposes a classification, formalization and identification of 
lean rules, in order to create a comprehensive and applicable library of lean rules, after the investigation of academic literature 
and a mould-making industry. Finally, the “drawer” idea is introduced aiming to motivate employees of different hierarchical 
levels in the lean rules development. 
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1 Introduction 
For more than two decades, lean philosophy has been the 
business strategy which guarantees competitiveness and eco-
friendliness by concentrating on the elimination of non-value-
added activities. Since the resources and energy are finite, 
new sustainable ways of producing more with less ought to be 
established [1][2]. Lean thinking consists of the lean theory 
that Toyota presented at the beginning of the 20th century, 
five key-principles, and a number of applicable tools [3]. The 
concept of lean manufacturing has demonstrated noteworthy 
effects on the productivity, in several industries. Pioneers of 
lean manufacturing developed a large amount of tools and 
techniques which allow practitioners to handle various 
problems and eliminate waste. A recent study on lean 
implementation in National Textiles, with the collaboration of 
NC State University, has given remarkable results. The 
number of unnecessary set ups decreased by 50%, the set up 
time diminished from 15 minutes to 5 minutes, and a 30% 
efficiency change in productivity as well as a 40% cost 
reduction in that production area were reported [4].  
In spite the fact that lean has received enormous attention 
over the years, which is reflected in the amount of the 
literature work, research so far has neglected to monitor the 
ongoing progress of the philosophy [5]. Lean has been under 
the research focus throughout the years, however, despite the 
wide recognisability, expansive use, and level of general 
familiarity among senior executives, lean has not achieved its 
full potential [6]. As Duncan and Ritter stated: “We believe 
that as senior executives gain more exposure to lean and 
deepen their understanding of its principles and disciplines, 
they will seek to drive even more value from it” [6]. In 2011, 
Hodge et al. stated that “Lean principles must advance 
research and the practice” [4]. Also, Mirdad mentioned that 
“A suggested solution is to create web-based tool that support 
the practitioners by providing a systematic implementation 
process” [7].  
Taking into consideration the previous statements, it is 
believed that people from high hierarchical levels of an 
organization, gain deeper knowledge about lean theory and its 
principles, aiming at deriving more value from it, resulting to 
greater lean results for the company. However, the lean 
philosophy and knowledge should not concern only people 
from high hierarchical levels, but also people from any 
hierarchical level within an organization. The present work, in 
order to accomplish these objectives, presents the “drawer” 
idea, which introduces a new methodology for gathering the 
raw and unstructured information regarding waste elimination 
and added-value activities of employees from all the hierarchy 
levels within an organization, in order to develop a repository 
of lean rules.  
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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Moreover, another main issue that is identified is the lack 
of collection and categorization of specific lean rules that 
provide guidance and assistance in the business environment. 
To this end, the present work identifies, gathers, classifies, 
and formalizes initial lean rules based on the literature review 
and on the industrial practice. The lean rules could be used as 
a guideline, for individual persons or enterprises that aim to 
become leaner, and to create a lean process guideline for 
managers, workforce, suppliers and customers. The lean rules 
classification methodology relies on an initial classification 
which consists of categories and subcategories that represent a 
company’s structure. 
 
2 Background and Literature Review 
2.1 Lean Theory 
Lean theory is a production practice which intends to 
minimize waste along entire value streams and create more 
value for customers. According to lean, any utilization of 
resources that does not ascribe value for the customer is an 
objective for change or elimination. This management 
philosophy has mainly been applied to manufacturing, notably 
in Toyota and the Toyota Production System, from where lean 
theory originates [8]. Nevertheless, lean has also been 
connected in non-manufacturing areas as well [9]. In essence, 
the goals behind the lean manufacturing system, which has 
been practiced for a long time in Japan, are waste elimination, 
cost reduction and employee empowerment. The Japanese 
approach supports that customers are the generator of the 
selling price. The more quality someone incorporates into the 
product and the more service the company provides, the more 
the customer is willing to pay for a product or service. The 
contrast between the expense of the product and its price is 
what determines the profit [8]. 
The lean manufacturing discipline is to dispose of waste 
obtain capital, acquire more sales and stay competitive in a 
growing global market. The Toyota production system has 
long been hailed as the source of Toyota's astounding 
performance as a manufacturer. The systems’ distinctive 
practices - Kanban quality circles, for instance - have been 
generally introduced in manufacturing companies. Indeed, 
GM, Ford, and Chrysler have taken major initiatives to 
develop production systems such as Toyota’s. Organizations 
that have attempted to adopt the system can be found in fields 
as diverse as aerospace, consumer products, metals 
processing, and industrial products [10]. 
2.2 Lean Principles 
Womack and Jones [9] outlined lean thinking in five key-
principles, which lean enterprises need to follow. The first 
principle, Identify value, implies that the stakeholders define 
value in a lean thinking system. The objectives of product 
design are identified through the definition of value. Value 
may include reliability, maintainability, availability, multiple 
functions, and attractive styling for a product/service. “Value 
is expressed in terms of how the specific product addresses 
the customer’s needs, at a specific price, at a particular time”. 
The second principle, Map the value stream, consists of 
activities that include value satisfaction. The sequence of 
these activities is known as the value stream. In this process, 
the product is required to go through three critical 
management tasks: problem solving, information 
management, and physical information. The third principle, 
Create flow, clarifies that flow is the continuous movement of 
product or service through the system to the customer. 
Principle four, Establish pull has been characterized by 
Womack and Jones as a manufacturing philosophy that ought 
to provide the product or service just when the customer 
needs it – not earlier or later. Last, principle five, Seek 
perfection, is a constant effort striving to: (i) uproot non-
value-adding activities, (ii) enhance flow, and (iii) fulfil 
customer delivery needs. Womack and Jones, also stated that 
lean thinking has no boundaries concerning the procedure of 
decreasing effort, time, space, cost, and mistakes, while 
offering products that persistently approach precisely what 
customer needs. 
2.3 Lean Tools 
Once enterprises pinpoint the major sources of waste, lean 
tools, for instance “6S”, just-in-time production, Gemba, etc., 
will guide organizations through corrective activities to 
eliminate waste and continuous improvement [11][12]. Tools 
are dependent on lean theory and principles, and can be 
applied to every enterprise worldwide with appropriate 
modifications. 
3 Definition and Formalization of Lean Rules 
In order to start identifying and categorizing lean rules it is 
essential to define: (i) what lean rule is, (ii) how the style of 
formalization will be, (iii) and what technique will be used to 
address the level of importance of each rule. According to our 
approach, lean rules should follow lean theory, they are based 
on at least one lean principle and may use or improve the 
implementation of lean tools. 
After an intensive literature review, no definition of lean 
rule has been explicitly stated so far, thus for the purposes of 
the present work term of lean rules is defined below: 
 
Definition: Lean rules are a set of explicit rules based on the 
lean theory, principles and practices (lean tools), concerning 
the entire product/service lifecycle, aiming to waste 
elimination, profit amplification, and stakeholders’ 
satisfaction.  
 
Continuing, the formalization of rules will be based on the 
MoSCoW method [13], which is a prioritization technique 
used in management, business analysis, project management 
and software development. This method aims to achieve a 
typical comprehension among stakeholders about the 
importance they set at a process. Rules labelled as Must, are 
critical and have to be done promptly. Rules labelled as 
Should, are important but not every time and are used to 
provide or request guidance or recommendations. Rules 
labelled as Could, are desirable but not necessary. These rules 
will regularly be incorporated, if time and resources permit. 
Rules labelled with Won’t Have/Would, have the lowest effect 
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on their implementation and represent a recommendation to 
the reader. 
Table 1 addresses the level of importance of each lean rule, 
using the MoSCoW and color-coding method. More 
specifically, High Importance rules are connected with the red 
mark and contain the Must verb. Medium Importance rules 
will be connected with the orange mark and contain the 
Should verb. The same methodology is used for Medium-Low 
and Low importance too. 
 Table 1. Lean rules formalization methodology color-coded 
Level of importance Symbol 
High Importance (Must Verb) 
  
 
M
 
Medium Importance (Should Verb) 
  
 
S
 
Medium-Low Importance (Could Verb) 
  
 
C
 
Low Importance (Would Verb) 
   
 
W
 
 
Furthermore, as Montesquieu mentions on his book “The 
Spirit of Laws”, back in 1748, the style of principles must be 
comprehensive and compact, not flabby and loose. Moreover, 
it has to be firm, lapidary and free from unnecessary words. 
The first principle of a good rule is to be short and easily 
understood not only by its maker, the lawyers and 
bureaucrats, but also by citizens and enterprises. The second 
principle of proper formalization is about the simplicity of the 
style of a rule which must be laconic, straight and clear. “The 
straight expression always meant better than complex”, 
mentions Montesquieu. Rhetorical style and pomposity, 
should be avoided. The third guideline of good regulation 
refers to the clarity of meaning. This means that a good rule 
has to trigger the same ideas to every person that it is 
addressed to. For this reason, vague or ambiguous concepts 
and expressions must be avoided [14]. Summarizing, the 
formalization of lean rules has to use suitable vocabulary and 
style, as described above, to provide clear guidelines on what 
an enterprise has to do in order to achieve leanness. 
4 Classification methodology of Lean Rules 
The present section presents the proposed classification 
methodology for lean rules and also discusses how this 
methodology could be implemented in practice by introducing 
the “drawer” lean rules idea. The purpose of “drawer” lean 
rules idea is to encourage the lean rule creation within an 
organization. 
4.1 Description of classification methodology  
The proposed methodology aims to classify the extracted 
lean rules into specific categories. This classification 
methodology is inspired by the structure of a company’s 
departments and the stakeholders. It is assumed that lean rules 
can be classified into the main categories of an enterprise 
organization. The company’s structure, as well as the 
classification of lean rules both depend on the size, type, and 
the general philosophy of the company. 
As Fig. 1 illustrates, the first level of analysis is Categories 
(C1,…,Cn), which reflect the main sectors of a company, and 
also consist the main categories of the proposed methodology. 
Concentrating the present work to lean rules for 
manufacturing industry, a mould-making industry is visited in 
order to discuss how the proposed classification methodology 
could be applied in real-life. According to this investigation, 
for a mould-maker Categories could include: Manufacturing, 
Design, Communication, and Management, as illustrated in 
Fig. 2 which will be explained in next section. Below them, 
Sub-categories (C1.T1,…,C1.Tk,…,Cn.Tq ) describe in detail the 
context of Categories. For example, Management can include 
the sub-categories Leaders, Workforce, Product and Service 
range, Technological update, and Performance 
measurements. Finally, each sub-category can contain 
Instances, denoted by (C1.Tk.1, …, Cn.Tq.1, …, Cn.Tq.m). 
Regarding the case study of a mould-making industry, the 
sub-category Machining can include the instances turning, 
milling, set-up time, and cleaning of the machine, while the 
sub-category Inter-organizational the instances: Chief 
executive, Sale, Engineering and Production Department.  
 
Lean Rules Classification
Category 1 
(C1)
Category n
(Cn)
. . . 
“Categories” (Cn)
C1.T1
C1.T2
C1.Tk
...
C1.Tk.1
C1.Tk.l
Cn.T1
Cn.T2
Cn.Tq
Cn.Tq.1
Cn.Tq.m
“Sub-categories” (Cn.Tq)
...
...
...
“Instances” (Cn.Tq.m)  
Fig. 1. Lean rules classification methodology 
4.2 Implementation of the Classification Methodology – 
“Drawer” idea for lean rules creation 
After interviewing of engineers and shop-floor experts of 
mould-making industry, it has been identified that: i) there is 
no structured way or employed methodology for lean 
implementation, nor any specific department responsible for 
it, ii) there are many actions carried out daily from the 
employees of all hierarchal levels, aiming to waste 
elimination and added-value activities, and finally, iii) all the 
previous waste elimination and added-value activities are not 
stored anywhere, but remain in the mind of the employer. 
Indeed, real practice shows that only large enterprises have 
a separate department for lean, although the SMEs are aware 
of the importance of leanness but have not yet adopted any 
methodology towards leanness. 
Motivated form the above findings, the “drawer” idea is 
introduced, which is an effort to gather the raw and 
unstructured information regarding waste elimination and 
added-value activities of employees from all hierarchy levels 
within an organization, in order to develop a repository of 
lean rules. 
201 D. Mourtzis et al. /  Procedia CIRP  50 ( 2016 )  198 – 203 
Based on the lean rules classification methodology 
presented in Fig. 1, the configuration of the “drawer” idea 
implemented in a mould-maker is presented in Fig. 2. The 
role of the classification methodology towards the “drawer” 
idea comprises the creation of its drawers (the subcategories) 
and its archiving labels (the instances) as depicted in Fig. 2. In 
the software implementation stage of the “drawer” idea, the 
classification methodology will guide the creation of 
appropriate types of databases, required to organize the raw 
lean rules that employees provide.  
 
Milling
Instances
Sub-
categories
Turning
Set-up time
Cleaning of machines
Lean Rule 1
Lean Rule 2
Lean Rule k
 
Fig. 2. “Drawer” idea for the lean rules collection within a company 
The collected rules could help the organization to gain an 
overview of waste elimination and of the added-value 
activities, in order to improve the leanness or to train the 
newly employed. For example, according to mould-maker 
design experts, a designer very rarely designs something for 
scratch, and there is about 90% knowledge reuse. This 
information may be self-evident for an expert, but not for an 
inexperienced designer.  
The proposed “drawer” aims at collecting all the available 
information from the daily work and tasks, regarding waste 
elimination and adding-value activities. The people that 
contribute in the "drawer" providing lean rules from their 
daily tasks, could be rewarded from the company in order to 
increase their motivation for continuous improvement and 
contribution. Moreover, this idea could be a web-based 
application to which all employees will have access from any 
device (mobile phones, tablets), as recommended by Mirdad 
[7].  
5 Categorized Lean rules  
At this point, several lean rules have been collected after 
an exhaustive literature survey and also, after interviewing 
stakeholders from different hierarchical levels of a mould-
making industry, such as project managers, sales departments 
and shop-floor experts. The collected lean rules are presented 
in Fig. 3 and Fig. 4. These rules satisfy the lean theory, and 
are based on lean principles and improve the implementation 
of lean tools, compatible with the given definition in section 
3. Furthermore, these rules follow the proposed methodology 
and formalization. As it is shown in Fig. 3 and Fig. 4, the 
extracted rules are categorized into Manufacturability, 
Design, Management, and Communication. They also 
describe the level of importance of each rule, which is 
explained in (Table 1). It is noted that, the depicted lean rules 
extracted by the investigation of the mould-making industry, 
are denoted by “[MM]”.  
 
Should have limited
product/service range,
combined with bundles
of “supporting” services.
[15]
Must have workers with high 
levels of product knowledge 
and relationship development 
capability. [15]
Must use process controls
& stress defect prevention
rather than defect
detection [16]
Must use Lean tools in order
to Streamline and optimize
the processes. (Value
stream map (VSM), “5S”
methodology, etc.) [16]
Management decisions
should be based on a long-
term philosophy, even at
the expense of short-term
financial goals.[17]
Would be ideal to use
the same experienced
personnel to train new
employees [MM]
Should design the PSS
and implement for the
fewest number of
components and
processes [18]
Designers could exploit
modern CAD/CAM
systems that gives the
opportunity to test and
improve a product’s
features and eliminate its
weaknesses[MM]
Information/Data through
design process, should
always be stored and be
available anytime, for similar
work /remanufacturing[MM]
The designer could use/
exploit standardized
components as much as
possible, even if those
components require
modifications[MM]
Designer should always try
to exploit past knowledge
from similar cases. The
drawings of those cases
should be used as a basis
for the new design [MM]
M S C W
Should utilize rigorous
standardization to reduce
variation, and create
flexibility and predictable
outcomes [17]
Designers should
also have a deep
understanding of
the manufacturing
processes as well as
the equipment and
its technical
limitations [MM]
Lean 
Management 
Rules
Lean Design 
Rules
Could create strong
employee spirit and
cooperation. Employee
empowerment and
regular meetings are
important to achieve
that. [16]
Must have implemented continuous
flow featuring time-balanced
process steps with very few peaks
and valleys in production rates. [17]
 
Fig. 3. Lean rules for Management and Design  
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M S C W
Lean 
Manufacturability 
Rules
Must use remote
access in most of
machine processes.
(CNC remote
control, etc.) [19]
Must apply intensified
control/test to produced
products in order to verify
possible faults in the
production process [MM]
Should have a large machining tool
capacity. This, not only provide room for
a variety of part-specific tools, but also
leaves room for redundant tooling so the
operator does not have to stop to
replace a worn-out tool. [19]
Information/Data through
manufacture process,
should always be stored
and be available anytime,
for similar work -
remanufacturing. [MM]
Most of the dimensional
quality control, should be
performed on the CNC
machine itself, to avoid
setup times [MM]
Designers could use spindle
load monitoring. The control
automatically responds to
variations in the cutting
load, either by adjusting the
feed rate or by replacing a
dull tool.[19]
The material used in production
process, should always be in
right quality and meet the
same standards set in design
process. [MM]
Programmers/Designers
must use probing in various
ways to free the operator
from having to pay close
attention to the machining
cycle.[19]
Lean suppliers must use,
effective telecommunications
networks with their customers
to get information on orders
and to track and manage
material flows and
inventories.[16]
Lean suppliers should
deliver frequently, in small
quantities, as required at
the point of use with total
quality guaranteed to
eliminate the need for
incoming inspection.[16]
Lean suppliers should
deliver frequently in the
right quality and quantity,
as required at the point of
use with total quality
guaranteed to eliminate
the need for incoming
inspection.[16]
Could provide regular
performance feedback to
suppliers, while striving to
establish a long-term
relationship. [16]
Every customer supplier
connection should be direct,
and there must be an
unambiguous yes-or-no way
to send requests and receive
responses.[10]
Customers would
have to be
contacted
proactively for
better
scheduling.[16]
The organization must be
aligned through simple, visual
communication.[17]
Should be in a close contact with customers,
who, on their turn, give feedback on quality,
cost and delivery performance. [16]
Suppliers should provide
service and support after
sales in order to fix
defective products [16]
Could exploit social
media to collect
feedback based on
customer’s opinion for a
product or service
improvement [MM]
Lean 
Communication 
Rules
 
Fig. 4. Lean rules for Communication and Manufacturing  
 
At this point, it is essential to emphasize that lean rules that 
are extracted below cannot be applied to all enterprises 
without modification in accordance to their needs. Enterprises 
have to keep in mind that a methodology for extraction of 
customizable lean rules can be achieved only at research 
level. Every company will be able to rely on this 
methodology, extract specific lean rules tailored at their 
needs, and track their progress in achieving perfection. 
The proposed classification methodology could be also 
applied to Product-Service Systems (PSS) in order to enhance 
the leanness. Lean assessment and reinforcement of PSS is 
really rare [20], lean rules mentioning is almost absent the 
literature works [21], and very recently the term “Lean PSS” 
is introduced and attract the scientific research attention 
[22][23]. An instance of lean rules for PSS, categorized into 
Management, and falling into sub-category Range of Product 
and Service, has been identified: “The relationships among all 
the parts of the PSS, the inputs and outputs, the constraints 
and the boundary conditions, must be guaranteed for 
simplicity, safety and robustness” [18]. Another rule in the 
same category and subcategory for PSS, could be defines as: 
“Should have limited product/service range, combined with 
bundles of “supporting” services” [15]. 
6 Conclusion and further research 
In conclusion, lean philosophy has already proven its value on 
making a company more profitable, by eliminating waste 
towards its environment and by spreading the spirit of 
continuous improvement among the stakeholders. After 
literature review and investigating the real industrial practice, 
carried out for the purposes of the present work, several gaps 
have been identified for further research and brainstorming. 
To begin with, currently there is no generalized methodology 
for lean rules extraction and the lean philosophy treatment is 
restricted to the higher hierarchical levels within an 
organization. Also, there is a need for further investigation on 
lean rules for product-service systems, which is the promising 
global trend for sustainability.  
The key-points addressed by this work are the 
identification of initial lean rules and their classification into 
categories that represent the organization of an enterprise. 
Also a formalization is presented to define rules with the 
proper style, while also addressing their level of importance. 
The “drawer” idea is introduced, which aims to motivate the 
employees of an organization of different hieratical levels to 
contribute to the lean rules creation. The “drawer” targets to 
provide a clearer view on how a company can apply lean to 
all their organizational levels and track the ongoing progress 
of every rule in action. Moreover, this idea could be also 
exploited for the training on the lean thinking of the newly 
employed in all the hierarchical levels of an organization. 
The intentions of the authors for future work will be 
concentrated to fill the aforementioned gaps, by developing a 
software tool for collection of lean rules, embodying the 
“drawer” idea. The effectiveness of the tool will be evaluated 
in real industrial practice. Concurrently, the methodology for 
the semi-automated extraction of lean rules based on the 
appropriate gathered information and measurements will be 
investigated. 
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